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Abstract
We questioned if the evidence for the genetic component in PD in Caucasians could be explained by
the causative and susceptibility genes that have already been identified. We estimated heritability of
risk and age at onset of PD in a well-characterized sample of 504 nuclear families (2,828 individuals).
After excluding families with known pathogenic mutations and accounting for the major
susceptibility genes, the heritability of the risk of developing PD was 0.41 (P=0.01). These data
suggest approximately 40% of the variation in susceptibility to PD is due to as yet unidentified genes,
the remainder is likely environmental.
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Introduction
Family studies conducted in Caucasian populations suggest Parkinson’s disease (PD) has a
strong genetic component,1–5 yet genome-wide association studies (GWAS) have not
uncovered any new genes that reached the statistically acceptable significance level.6–9 The
greatest hits have been in and around the alpha-synuclein (SNCA) and tau (MAPT) genes, which
were already known and firmly established as risk factors for PD.10–12 In contrast, a GWAS
conducted in the Japanese population identified two novel PD-associated loci.13 We questioned
whether the bulk of evidence for a genetic component in PD in the Caucasian population was
due to the genes that have since been discovered.

Methods
The study was approved by the Institutional Review Board Human Subject Committee. We
used a dataset of 504 nuclear families with 2,828 individuals to estimate heritability of PD
(Table 1). The families were parents and siblings of 504 Caucasian probands with a UK Brain
Bank diagnosis of PD.14 The probands were ascertained irrespective of age at onset or family
history from a single NeuroGenetics Research Consortium (NGRC) movement disorder clinic
in Portland, Oregon. We selected this subset of NGRC dataset because we had detailed,
uniform, systematically collected and verified family history data on them.2

Probands were genotyped for the following known causative and susceptibility PD genes:
SNCA point mutation and multiplication, PRKN point mutation and deletions and
multiplications, LRRK2 G2019S and R1441 mutations, Nurr1 mutations, DJ1 mutations
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(genotyped in familial and early-onset PD only), SCA2 triplet repeat expansion (familial PD
only), MAPT H1/H2 diplotype, and SNCA REP1, 5’ and 3’ polymorphisms. We did not have
genotypes for PINK1 and GBA; the mutations in these genes are rare and would not alter the
results. Available family members were genotyped if the proband had a pathogenic mutation.
Family members were not genotyped for susceptibility loci. This did not affect heritability of
risk. In the analysis of age at onset, family members were conservatively assigned the genotype
of the probands, which might have inflated the heritability attributed to SNCA and MAPT, and
underestimated the heritability due to unknown genes.

We estimated heritability for two phenotypes: risk of developing PD, and age at onset of PD.
Each phenotype was tested three times. First, we used the entire sample of 504 families. Next,
we limited the sample to subjects who had no known pathogenic mutation (excluded 10 families
whose probands had one LRRK2, SNCA, or SCA2 mutation or two PRKN mutations). Finally,
we excluded the pathogenic mutations and accounted for susceptibility genotypes by adjusting
for (age at onset analysis) or excluding (risk analysis) probands who had MAPT H1H1
diplotype or SNCA high risk genotype. For SNCA, we used a single nucleotide polymorphisms
in the 3’ region of the gene (rs356220) which gives the strongest signal for association of
SNCA with PD in our dataset (p=10−11). We also analyzed the data using SNCA REP1 and
results were similar. Narrow-sense heritability (h2), defined as the proportion of the total
phenotypic variance explained by additive genetic effects, was calculated using maximum
likelihood variance components analysis in SOLAR version 4.2.0 software package,15 setting
PD prevalence at 1% and adjusting for gender. We did not adjust for age because unaffected
family members were nearly a decade past the age at onset of their affected relatives.

Results
Heritability estimates are shown in Table 2. Heritability of risk for the entire sample before
exclusions was 0.60 (P<0.0001), which is similar to a prior study of heritability of PD risk.16

Excluding the pathogenic mutations reduced the estimate only slightly (0.58, P<0.0001)
because pathogenic mutations occurred in only 2% of the study population. Excluding all
families whose proband had a pathogenic mutation or a high risk SNCA or MAPT genotype
further reduced heritability, but only to 0.41 (P=0.014). These data suggest that (a) there
remains a significant and substantial genetic component to the risk of developing common
idiopathic PD after accounting for the known genes and (b) these putative genes explain only
about 40% of the variability in PD susceptibility; the remaining variability is likely
environmental.

Heritability of risk described above was estimated for the entire clinic population, which was
ascertained regardless of family history or age at onset and therefore was more representative
of common idiopathic PD than the sample that will be presented next for estimating heritability
of age at onset. Estimating heritability of age at onset requires data from families that have at-
least two affected members, which by definition is familial PD.

There has been no published heritability study of age at onset of PD to date. In our study,
affected siblings exhibited high correlation in age at onset (r=0.74, P<0.001). Heritability of
age at onset in the siblings before exclusions was 0.98 (P=0.0002). This unusually high estimate
is in line with complex segregation analyses, which have consistently suggested stronger
genetic influence on onset age than on risk of PD.17, 18 Also note that the sample consists of
affected siblings, which is enriched in familial, including autosomal recessive, PD. Heritability
dropped to 0.76 (P=0.015) after excluding pathogenic mutation carriers, and to 0.22 (P=0.3)
after excluding mutation carriers and adjusting for SNCA and MAPT.
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There was no correlation in age at onset of parents and offspring (r=0.09, P=0.54). Age at onset
was on average 10 years earlier in the offspring generation than in parents (Table 1), which is
consistent with genetic anticipation, or recessive inherited disease in offspring and sporadic
late-onset disease in parents. Although results would be difficult to interpret, for completeness,
we estimated heritability of onset age using all affected parents and siblings: 0.51 (P=0.001)
for all families, 0.28 (P=0.088) after excluding pathogenic mutation carriers, and zero after
excluding mutation carriers and adjusting for susceptibility genotypes.

Discussion
Our data suggest that the genes identified to date explain a notable portion of the heritability
of age at onset in familial PD, but they account for only a modest portion of genetic contribution
to the risk of developing common, idiopathic PD. We conclude that there exist as-yet
unidentified PD susceptibility genes that account for about 40% of the variation in PD risk. If
there are genes to be found, why have they eluded GWAS? Despite their increasing sample
sizes, none of the GWAS to date has had the analytical power to detect genes with small effects.
Collaborative Meta-analyses can help overcome the sample size limitation. If the genetic
variants relevant to PD are rare, they would be missed by current genotyping arrays. To find
rare alleles, whole genome sequencing may be necessary, which is not yet a reality but is on
the horizon. Another possibility is that susceptibility genes do not have a detectable effect in
isolation from the environmental factors with which they interact. PD has long been suspected
to result from interplay of genetic susceptibility to environmental toxins, and data in support
of this notion is beginning to emerge.19 Data presented here also suggests genes and
environment are equally important in susceptibility to PD. It will be interesting to see if Meta-
analyses and gene-environmental interaction studies will identify additional PD susceptibility
genes in Caucasians.

Acknowledgments
We thank our Oregonian patients and their families for volunteering for this study and their continued participation
for over a decade. This study was funded by a grant from the National Institutes of Health National Institute for
Neurological Disorders and Stroke R01 NS36960. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the funding agencies.

References
1. Payami H, Larsen K, Bernard S, Nutt J. Increased risk of Parkinson’s disease in parents and siblings

of patients. Ann Neurol 1994;36:659–661. [PubMed: 7605419]
2. Payami H, Zareparsi S, James D, Nutt J. Familial aggregation of Parkinson disease: a comparative

study of early-onset and late-onset disease. Arch Neurol 2002;59:848–850. [PubMed: 12020270]
3. Marder K, Levy G, Louis ED, et al. Familial aggregation of early- and late-onset Parkinson’s disease.

Ann Neurol 2003;54:507–513. [PubMed: 14520664]
4. Sveinbjornsdottir S, Hicks AA, Jonsson T, et al. Familial Aggregation of Parkinson’s Disease in

Iceland. The New England journal of medicine 2000;343:1765–1770. [PubMed: 11114315]
5. Thacker EL, Ascherio A. Familial aggregation of Parkinson’s disease: A meta-analysis. Mov Disord

2008;23:1174–1183. [PubMed: 18442112]
6. Fung HC, Scholz S, Matarin M, et al. Genome-wide genotyping in Parkinson’s disease and

neurologically normal controls: first stage analysis and public release of data. Lancet Neurol
2006;5:911–916. [PubMed: 17052657]

7. Maraganore DM, de Andrade M, Lesnick TG, et al. High-resolution whole-genome association study
of Parkinson disease. Am J Hum Genet 2005;77:685–693. [PubMed: 16252231]

8. Pankratz N, Wilk JB, Latourelle JC, et al. Genomewide association study for susceptibility genes
contributing to familial Parkinson disease. Hum Genet 2009;124:593–605. [PubMed: 18985386]

Hamza and Payami Page 3

J Hum Genet. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



9. Simon-Sanchez J, Schulte C, Bras JM, et al. Genome-wide association study reveals genetic risk
underlying Parkinson’s disease. Nat Genet 2009;41:1308–1312. [PubMed: 19915575]

10. Kay DM, Factor SA, Samii A, et al. Genetic association between alpha-synuclein and idiopathic
Parkinson’s disease. Am J Med Genet B Neuropsychiatr Genet 2008;147B:1222–1230. [PubMed:
18404644]

11. Maraganore DM, de Andrade M, Elbaz A, et al. Collaborative analysis of alpha-synuclein gene
promoter variability and Parkinson disease. JAMA 2006;296:661–670. [PubMed: 16896109]

12. Zabetian CP, Hutter CM, Factor SA, et al. Association analysis of MAPT H1 haplotype and
subhaplotypes in Parkinson’s disease. Ann Neurol 2007;62:137–144. [PubMed: 17514749]

13. Satake W, Nakabayashi Y, Mizuta I, et al. Genome-wide association study identifies common variants
at four loci as genetic risk factors for Parkinson’s disease. Nat Genet 2009;41:1303–1307. [PubMed:
19915576]

14. Gibb W, Lees A. The relevance of the Lewy body to the pathogenesis of idiopathic Parkinson’s
disease. J Neurol Neurosurg Psychiatry 1988;51:745–752. [PubMed: 2841426]

15. Almasy L, Blangero J. Multipoint quantitative-trait linkage analysis in general pedigrees. Am J Hum
Genet 1998;62:1198–1211. [PubMed: 9545414]

16. Moilanen JS, Autere JM, Myllyla VV, Majamaa K. Complex segregation analysis of Parkinson’s
disease in the Finnish population. Hum Genet 2001;108:184–189. [PubMed: 11354627]

17. McDonnell SK, Schaid DJ, Elbaz A, et al. Complex segregation analysis of Parkinson’s disease: The
Mayo Clinic Family Study. Ann Neurol 2006;59:788–795. [PubMed: 16634030]

18. Zareparsi S, Taylor TD, Harris EL, Payami H. Segregation analysis of Parkinson disease. Am J Med
Genet 1998;80:410–417. [PubMed: 9856574]

19. McCulloch CC, Kay DM, Factor SA, et al. Exploring gene-environment interactions in Parkinson’s
disease. Hum Genet 2008;123:257–265. [PubMed: 18210157]

Hamza and Payami Page 4

J Hum Genet. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hamza and Payami Page 5

Ta
bl

e 
1

C
ha

ra
ct

er
is

tic
s o

f t
he

 p
ro

ba
nd

s a
nd

 th
ei

r f
irs

t d
eg

re
e 

re
la

tiv
es

Su
bj

ec
ts

A
ffe

ct
ed

 w
ith

 P
D

U
na

ffe
ct

ed

N
%

 m
al

e
M

ea
n 

on
se

t a
ge

 ±
 S

D
N

%
 m

al
e

M
ea

n 
ag

e 
± 

SD

Pr
ob

an
ds

50
4

60
.7

1
57

.8
9±

11
.7

7
-

-
-

Si
bl

in
gs

 o
f p

ro
ba

nd
s

32
59

.3
8

55
.7

9±
18

.4
6

12
84

51
.2

9
64

.2
2±

13
.3

4

Pa
re

nt
s o

f p
ro

ba
nd

s
56

48
.2

1
65

.6
5±

12
.8

0
94

8
50

.0
0

75
.7

4±
14

.9
5

J Hum Genet. Author manuscript; available in PMC 2010 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hamza and Payami Page 6

Table 2

Heritability of Parkinson’s Disease

N families h2 se P

Heritability of Risk in unselected clinic patients

All families 504 0.60 0.10 <.0001

Mutation carriers excluded 494 0.58 0.06 <.0001

Mutation carriers & high risk at SNCA 3′ and MAPT excluded 105 0.41 0.10 0.014

Heritability of onset age in familial PD

All sib pairs 28 0.98 0.25 0.0002

Mutation carriers excluded 25 0.76 0.32 0.015

Mutation carriers excluded & adjusted for SNCA 3′ and MAPT 19 0.22 0.47 0.323
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